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(54) OFDM MODEM CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent degradation of 
detection accuracy without increasing a circuit scale by 
using a normal OFDM modem circuit, transmitting start 
symbol signals for two times in a parallel/serial conversion 
circuit and thus generating OFDM signals for 
synchronization whose cycle is Tw without increasing the 
circuit scale. 

SOLUTION: Input signals a1 are inputted to a 
serial/parallel conversion circuit 1. Thereafter, 
serial/parallel circuit output signals a2 divided into 
respective sub carrier waves are inputted to a DQPSK 
modulation circuit 2 and DQPSK modulation is performed 
there. DQPSK modulation signals a3 are inputted to an 
IFFT circuit 3 and IF FT conversion is performed. IFFT 
circuit output signals a4 are inputted to the parallel/serial 
conversion circuit 4. For the parallel/serial conversion 
circuit 4, a read order is decided by the read order storage 
circuit output signals a5 of a read order storage circuit 5. In 
this case, 8 sub carrier waves are respectively read for two 
times by a read circuit Thus, parallel/serial circuit output 
signals a6 are obtained. 




COPYRIGHT: (C)1999,JPO 



Printed from Mimosa 08/24/00 14:14:51 page -1- 



(19) 0#BK$fFJf (JP) (12) Q |g f|£p Q ^ (A) 



(ll)#f?ffigi&WS^ 

4WH*H- 145930 

(43)^IHB ^£11^(1999) 5£28B 



(51) IntCL 6 
H04 J 
H04L 



11/00 
7/00 
27/18 



F.I 

HO 4 J 11/00 
H 0 4 L 7/00 
27/18 



Z 
F 
Z 



*ssf* m m&m<D&2 fd (^ 9 jo 



(21)tHK## &K¥9-320533 


(7DU1SA 


000004226 












(22)tfHBB ^9^(1997)11^7 0 




JfOSCf|H0fl&Kl§«fi&HT B 19# 2 ^ 






<72)^!W# 










JlOiCl&SfltKEgfi&HT B 19# 2 ^ 


B* 












(72)fE|ll# 


JSP BA 








3fOiC3&8r1&KH£fi&=T@ 19# 2 ^ 


H# 












(72)fg§&* 


^« ®OT 








3fcJgt4KftteKffi«ft&HTB19#2-sr 


B* 












(74)ft«A 














(54) B!lflO=fc#] 



(57) [Sft] 

— «WEIII«r«ffc+--S. — — 

[«wt^ai as««i-ctt«*a URffiattistt (5) 

5 0 fgpmiss-cttr.©?;*— 7y hSr/av^r t-emm 




(2) 



(ftfflW-l 1-145930 



iwnEit5«afewsiis*¥«a* «r«fN-<53Ew*« t , 

Si:, 

stria iff T^«uj*Sr3fe5iJi«yijagtfe-f-aafeMia?!i*»'- 

WiaSfe5llit5«#Slil*-C«>5. N (2" = N, mfigg* 
Sic) VbFFTttJ*Sr2|l|»5igbrBE*Ui-r» R 

i 4: O F DM»@^ 

mem i ©aus^aw* t 

awa<aiHSi3i¥a*Twi*i«uc86o spswt-rsttiia* 

iWEs&« t w r$m \zm z mti w-m *ft o &m mt> 
at, 

ftfJfEIg 1 CD g *«##«lti;& 4: tfME* 2©g ftft* ffi* 

fillESfsm^-WiiMSr^T ? IS 2 ©«JS*«fc , 
WE»i£«fl«WB*Ktti#IH:: J: 0 fflTESK 2 ©i»ai# 

* ^ k b * -r $ > y&mw-tz «d»*a * , 
[«m©i*i»fcijwn 

[0 00 1] 

fflV^OFDM (Or thogona 1 Freque 
ncy Division Multiplexin 
g) 6«g£r3;oKnial8s &l«BBieiI&J::Br*-5. »m 

[0 0 0 2] 

[«*©ft«] O F DMKfKM^ttt:, tttt©iK%BSfli 

»j»ttri:lcA*«#(S»li:J:*)QPSK (Qua da 
rature Phase Shift Keyin 



g) ^<D&m&?T0o ^(OtiitlKM L-C I F F 

T (Inverse Fast Fourier Tr 
a n s f o rm) ESS^fflV^TO F DM{t-§-^^jsg-T 
5 0 O F DMr«M*STttijift©^Sr^t5fc 
«\ mHt#—V'{Z'4r—'<A' (GI) tPftf^EPflt* 
7^—^ ^§1)1 LTElff -T<5 0 OFDMggfKn^O'S 

[0 0 0 3] El 6 KtfcJfccDO F DM^H(HlSS©«^JSr 
*-To rrr-tt, 8 -^^m^O F DMm-5§-fd*j-j£ Ufc 
20 lH]Sg«^JSr^-f- (##3ttfe : T. M. Schmidl 
and D.C. Cox, "Low — Over he a 
d, Low — Complexity [Burst] Sy 
nchronization for OFDM," I 
CC '96, ppl3 0 1 — 1306. )„ @6 

tAAUfa i o 1 1±, Kgi&7i.i$ifei£fig ioi 
zthZo t<Dm, m.mt9t&im®&mti9* * 102a 

2&%)&%rikQP SKfI@!g 1 0 2 (BJtftt, Di f f 
erential Quadarature Phas 
e Shift Keying:DQPSK) tA^J £ 

a 1 0 3 ttA^m^#[HlSS 10 3 lCA2j$*L5„ A^3 

«*«j#iais 103 T-taia 9 \z.^-tmmia-%-&±f$.-tz> 

fc«>, I FFTA^fll-g-t^A'AASrRjrfaWrilSrfc 
5rtH, lOFDMfl^tcoiaii:, ft-§-©ffi^) 
ijO^SrfTPo -H 7 »ct©B8«.fea%.-r. AAtiMRft-S-d l 
~d 8tt, A^J$tL5fll(c:#^7'a5^l&{cA^$n2)o 
d i tt=&^^«gjHjST-jl«tta^— ^ ^*t> 
LTJJ^ 1 v-^^^fcij 2 hf y h$ril^-g-(rQP 

s K«-9-ic*t^i-« 0 ^©^, *^»3aiaftri:icDQ 

40 PSKSJ5H*s|T*>*tXAflr-9-«I#lHll6lJ:A**ns. A 
*m^tfJ#[E]gg-m (mod n/2) X2 (n : 

[00041 ^7-^(1, I F F TAAf-^O 
d' ©gs^(@^ic^LTV^ 0 ft ^#Ih1SS 1 0 3 

SSfiM-a. A*«»«I#ElKHl*(&-§-a 104IJIFF 
T@S 10 4 ICA^3$tL5 0 -© I F F 1045: 
/BVT I F FTgJ&aMffriX'Bo rcOttWI FFTIhI 
50 ggtB^Ja 1 0 5§r*2Kl7jH- 0 




3 

[0 0 0 5] 

mi 



WtV7 




1 


ar 


2 


0 


3 




4 


0 


5 


dy 


6 


0 


7 


d4« 


8 


0 


1 


FFT^-f > 


IFFTtitfjfl^ 


J 


tf 


2 


12 


3 




4 


t4 


5 




6 




7 




8 


t4 



10 



20 



[0 0 0 7] I FFTElg&3&>bB\ 4ffi^l^yhrt 
J^2Hl<?5«fc!9 5Sb«^SHi^$tt5o IFFTlEllSfflA 
fS-^-a 10 5H afc^JK5IJXJftlHlK.l O 5i£A*.£*L. 

^ a i o 6 {cjs:cT3fc?»ja:^J3S*iHiBS 105 -era, i f 

FTtH^m-g-^afeyiJKyiJ^lftSrtTVX OFDMfl^a 1 
0 7§rtU^f5o 

[0 0 0 8] — |g8{^OFDMffiiH«O«S€<0|HlK 

^Sr^-To m8x-nmm^<Du^^^^^ * 30 

T, OFD M§{gm-^- a 2 0 1 B^IhISS 2 0 1 (^AA 

§ti«o mm\H\^2 o i •cttTw/2Hfflgi«Sftf 

* s iBiSSiT/5o ^-T\ TwBOFDMf|f(D8HSU! 
tHBK21fl3l^5 I F F TRtf F F J.-f y K^OfflBt? 
£>5o ®®Ih1SS2 0 1 (Dtiittm ^-a 2 0 2 

-§-*^iHiss2 o 2^x**tt«o"*aa*a*fs»a 2 

0 3tt, gffff-^a 2 0 1 tm%.®&2 0 3tS^fg 

2 0 4(^$^o :rt'Tw/2P|f^¥Wfift) 40 
tlZo 7>f/l^^tfcl*a 2 0 5tta»Jfl3ffIllK2 0 5{dA 
*SnS*«J|[ft»a 2 0 6SrHl*-*-6 0 a«« 
*a 2 0 1 (ag*lHSS2 0 6T?l^a 2 0 7 

»»¥*S^-f^^2 0 7(CA^$tt. 

rai:<Tw/2wmo5pft9*ii«stTt>*ta 0 7 4/u#a> 

Ui*fg ^*a 2 0 8 tegf£[H]Sg2 0 8JcA*Stl % SJHIeJ 
»HJ*f»«-a 2 0 9 t LTffi^^nSo .tf— ^tttHEIK 

2 0 9m &m®&mfim%-a 2 o e t&mtsi&mjj 

«-S§-a 2 0 9 5rfflV^rf- ^&a« s tTfc>*t5o r<Otf— 



#Hfi2p 11-145930 

4 

t, ^^js^^^t sv^fs-g-a 2010 &mt)-rz>o £ 

fc» ll^*««»IRSIttlfltt7-f /u^ffi^ja 2 0 5 Srffl 
^Tff^So t a n" 1 lH]Sg2 Oil T* % 
l/fm^iL 2 0 1 0 K^l^fc^tttriSfT*?^ J^&gfc^ 
^ff-i-a 2 0 1 l#HlA$ix5 0 
[00 09] 

[0010] «5l5©1f HI 6 [C^-T «t 5 I F F 

DM{f-i§-££f£;LTl^5„ ifcfc, I F FTlHlSg^/WS 

l;*tfff7^— ?^ KOi5l-Plfflflt©g!cs sfa 

— ^s^jps^tbefc*. s sm&kttmiz.7Zfkt£m%i 

mOF VMm^&mm-i'Z r i: «e2ia^S:iS.T$*5 
tc^>mmX'h<3±„ TwfiF F TO^ ^ y$>$&Z)&Tffl 

[0 0 11] ^3l50PlWffiOFDM^p[Hl 

1- 5CfiftlHmB3{§-§-;6Sf&S 

2. A*«J#EHS#j65.B 

3. OFDMi»-^W^fii:T?(DilJE^^C5 

[0 0 12] SfcfC, ^3t50«H(HlS§-C-tt, ^5l5<Ol5l» 
JHft*-Ctt, ft^-EKO^lPilbSrTw/2 i: LT«Ri£ 

[0 0 13] &&WX'WJ.-k<Dmm&f&&:l., ^Saia]?g 

ffloFDM{f^-srj^m*-r(^, s sm&com'o mlcd&. 

^fjffi^^tvSOFDM^ISlHlSSSrffiefeL, roilffl 
OFDMff-g-Srffl^i-affll^lHlESftt. ttti£&«&tt|g 

[0 0 14] 

imm&mk-rztubnm «*o«fijitrtt, ofd 

M«»«r^«+a I FFTIUKOA^lWr-C, l^lfflfflOF 




(4) 

5 

■DMflr^J*OfcftO*fPSrtTo-CV»*:*:«>, ii$t<£>0 
FDM«-g^j*IU!S4:»'S:9Ill»a«asii*U £fe 
O F DMff -i-^iT-^gii^PulSr-feo/Co */c, 
l3i«OFDMff^t5fc«), flrS-«r2SftLfcV 

k &x*z-r^mMm%-m-M*-tz r. t i>isjh-c*>o 

[0 0 15] *f6MT?a, il^K>OFDM^pllHlKSrffl 10 
^■C. 3feWil3niaE*IlIl6Tr^^ — h ->v*VWS^-Sr 2 IS 
26ffir-t-5r.iT?, IsIIS««&lt*P**i"li:«»!asTw© 

isisBffloFDMm^-s-^-r^o is] i o\z*&m\z.*.z 
^■—■^^^~^x<om.mm^,m^.<ot^wm^um^ 20 

[0 0 16] 

[36W05|SiS0>?BIIB] Ell(i*^i^<t50FDM^|i 

El&©safc»tt«:jifr*-. **J£^(4 8 (n = 8) i^y 
aftH6jRPI»!OFDMa£WigKO»&&*L-C*s9, #-9- 
^Mjgro^fl^iSicDQ P s K^fS^&Sffl Ufc 1, 

2»dqps K$m®& 2 i^a 

^J$tt5 0 r^T?, DQP S K^PtfSff fc>*l5o DQP 30 
SK^^fl-^-a 3IJI FFT®SS3(cA^7$m FFT 

[O 0 1 7] I FFTIalJgffi^m-Si-a 4 fi x M^itt^ 

^ihisS4 icA^^n-s., ite?iJB:?iJ^&[Hig&4 ttBg^-tb l 

(CilJ, 8 (N=8, n = 8) -^y«S2IJSSr#2[Hl»c^ 

tt> (§l^fflOFDMm^-t SS{f-§-i:§r**afc«^^ 40 
[0 0 18] i£W3fe?l«»ia»i*»e>, K*fflL 

?m&m&^8^ ^AH^e, i f f t^su 

[0 0 19] £fc> B)2tt^§g^J:-5 0FDM«^[Hl 

&<DmMMffi&7rrto ^mm^mtio q p s Kromnt- 

®®^&^ffl^T^5o OFDMSiSfS^-a 
3 0 1 «3§}£[s]Sg 3 0 1 {'A* iI3£[e]?g 3 0 1 

xtiTwmmzrtgimm%-frmm£*i>z> a rr-r\ t w 50 



1-145930 

6 

&of vMm^<o&m&vtmm^Ri^z> i fftsot 

FT^^vfyKWBBtffcio iSJ£[Hl?g3 0 1 (Offi 
*flj # a 3 0 2 tt*«:asRfl|-g-^j«|g!S 3 0 2 ^ A^ $ 
tl5 0 *««*m#fg-§-a 3 0 311 gftfS-§-a 3 0 1 

t*inii!S3 o 3ts*isjWo *jng*sai*a 3 

0 4^ti¥^v r ^/V^ 3 0 4{^A*^ttTw^F^<05p 

gg3 0 5(dA*Sn6»»*lHlKUl^fB-8-a 3 o 6 SrtU 
*t^o ^7t, 3 0 lB:S»Si3»|ll^3 0 6 

t?«*«#a 30 7^m$tiz> 0 ^<d^. ^m^m? 

^;^ 3 0 7^A^^ti§ o r^T-fl Ir] C< Tw(0¥ 
^k*Sfft>tb5o ^/l^COtf^{f-§- a 3 0 8ttg*El 
S§3 0 8iCA^7$n. g^lElgSffi^fs^-a 3 0 9 t LT 

m*s;ix5 0 ^Wf§3 0 9m g^iHisgm^ 

0 6 t g»EIKtB*f§-g-a 3 0 9 SrfflV^Xtf— ^ 
«fea^tTt>nSo Z<D¥—?fem?-( SV^Sr/HVvC. 

^ 0 1 O Srtti^t^o ffiK 

lSlii6ft^iStBtt7 ^ ffi^J a 3 0 5 SrfflV^-CfT 
t?n^ 0 t a n- l 0K3 Oil -C-»-^W^-Y ^ V^'ff 

fa30i ofcK^#«ffiasm?*u nSEWSeffi-9-a 

3 0 1 ldSUi*§*L*o 5WSEIK3 0 1 2T?ttl/N*C 
^JSStLSo ffiU NttFFTsK>f ^HR-C&io ^ffl 
[HlSStb^ a 3 0 1 2 tt*ft«*«-S§-£/S;[HlSg 30 13C 
A*£ix5o #Sia*{H-^a 3 0 1 3^^V^VV7^— /V 

KE1K3 o l 4f2iA***t5o ^v^Vv*— /v KBE&3 

0 14 ttlRlffldSaSEUfc^-e*®^*^ -S-a 3 0 13 

too2o] — ;S\ g{S{f ^-^^v^vv^-r s ^^iktti 

»«^Mtta»^#4!k3ffi€rff 5BBJSJ6I11JS3 o 

1 5T\ Tw + GI OfflWtf^ilXESniliiSfllW-9-a 

3 0 1 5#SfcB^£*L£ 0 -?:OfJL 3gM(ElSS3 0 1 6-Ct? 

-S-a 3 0 1 6 35SM;*j£*LSo ^^028 3 0 1 7T1t 

^^vu^— ^ KiaKa^fi-s-a 3014 tmmSiiwin^ 

a 3 0 1 : 6 -(0*^[^¥Tto*t, --**|Hl?StU*fg-#a,3-0- 1 
7^ffi^t-5 0 F FT^ yK^^ 5^^*J»l3gS3 
0 1 O-Ctt, $>-^f-^a 3 0 1 O Cgo 

lSSrffi^-r^o 

[0 0 2 1] WJb, @^[HlSS3 01HFFT!>^>K 

r>^>r $^^SJ»lelgS3 o i 0 4to»^h*52<0 

OFDMiRWll!S<O«r«fc-r5trS-C*>0, ^tL^* 

[0022] a:?ij3fe?ij^^iHiss 3018 -rtt, mm^- 




(5) 

7 

5„ mm&a 3 0 1 9I^I$nfctF FTESS3 0 

i9jiA^^tb, oFDMist^fj, ^--tf-^^yrr 

t©DQP SK^Sfifa 3 0 2 0 (^&£*L3 0 gS§ 

nt&iaiKs o 2 at?nta*«#a 3021 

zmtrtZo mmymmm^s 0 2 1 x-temumtim 
■^-a 3 0 2 1 *>p>tti^(t^-a 3 o 2 2 ^to^j-t-^ 0 

[0 0 2 3] EI5B:*^0^('«t5OFDM^«P[Hl?gC> 

I — ->s>tt»i£«fflJfc«S!R2S=5 0 kHz, Eb/N 
0 (1 try hSfc9 0«*at*/l'=¥— *t*ffi««i«afc 10 
15 (O^^/l'^r— =1 2 d B, AWGN (A d d i 
tive noise G a ussian nois 

e) WcwSfcfc^. m 5 ttftt&ttJq&ttR&l* 

jWR*«rttabfct#©9l*ii*«rttSr*i-. IUCFF 

fclBJJIIMiflH3-*:B3, El 4 te*-*v?*t*-*- 0 B 5 J; 9 ft 
&«/5£<£>OFDM«MeIS§-C-M\ 5l#ii*t-^FRB* s 3&»*» 

[0 0 24] 

«iBWig»H:ft3Kfttlf4:JtlStL'riHlfta««rlW»b. * 

fcMoF DMfitt s s m%-%mm-t%ffif&fr~*im 

i&-5 0 *f§HJi|££50FDM«f8lH]g§f-±'9i& 
v^Slc* ^y FeilclS/i 
i«aiBIJH*Sfc*s^riB-C*>S. 30 
[BB5<8ffl¥tttK93] 

[Ull] #*Hl£J:50FDM*»!ISJirc*5. 

[B2] *^PJi-<t50FDM«|S|51ggr-*)5o 

[Bi 3] ffijfeWriEictarajiHfflfi^-ottWH-cfca. 

[0 5] 1**^^01, 2 mfE«©||Jfe^Ugfl!fiS;<0 

[El 6] t^Jl$<^OFDM^^[Hl?S1fffi£Sr^-t-7't3 y^B 40 

[B7] ^Jl5<OOFDM^IS(cffitfigr-<^A^m-§-«J#[Hl 
&<0Sbf£S:^t-gft91l2-C&S. 

[B8] tt*©OFDM!KIHIEIIS«I^S:*-*-7'oy^ 
Bf&So 

[B9] f£*©«*:7* — ^y bRWB-C*5o 
[Bl 0] *38Wlc:J:5fB#-7*— HftWB-C* 

a 1 XMt # 50 



1-145930 

8 

a 2 s?ij^?ij^miHissm^ff * 

a 3 D Q P S K^BBfS # 
a 4 I FFTEIESffi*!** 

a 6 3feyiJB:yiJ|HlggW*{3# 



a 


10 1 






a 


10 2 




KyiJM5"JS«illlKttJ*fg*S- 


a 


10 3 




DQPS K^Ufs-Pr 


a 


10 4 






a 


10 5 




I F FTEKtli^fS-S- 


a 


10 6 






a 


10 7 




O F DM(|-?- 


a 


2 0 1 




O FDMrSfHf!-^- 


a 


2 0 2 






a 


2 0 3 






a 


2 0 4 




^ ^ [h! tH ^7 lM 


a 


2 0 5 






a 


2 0 6 






a 


2 0 7 






a 


2 0 8 




^ 1 ^ 1 1 1 / V IB V 


a 


2 0 9 






a 


2 0 1 


0 




a 


3 0 1 




O F DM^ffff^ 


a 


3 0 2 




3^5J£[H]S§ttj^ifM-§- 


a 


3 0 3 






a 


3 0 4 






a 


3 0 5 






a 


3 0 6 






a 


3 0 7 






a 


3 0 8 






a 


3 0 9 






a 


3 0 1 


0 




a 


3 0 1 


1 




a 


3 0 1 


2 




a 


3 0 1 


3 




a 


3 0 1 


4 




a 


3 0 1 


5 




a 


3 0 1 


6 




a 


3 0 1 


7 




a 


3 0 1 


8 




a 


3 0 1 


9 




a 


3 0 2 0 


DQPSKgJWIf 


a 


3 0 2 


1 




a 


3 0 2 2 





1 e?iJ3fe?"j^^iEiss 

2 DQPSK^gBlHlgS 

3 I F F TOSS 

i o i w.mikpmt&iEi& 



(6) 



H&fflW-l 1 - 1 4 5 9 3 





9 






10 


10 2 


DQPSK^fH[H]S& 


3 0 


5 




10 3 




3 0 


6 




10 4 


I F F 


3 0 


7 




10 5 




3 0 


8 




10 6 




3 0 


9 




2 0 1 




3 0 


1 0 




2 0 2 




3 0 


1 1 


t a n _1 EIS 


2 0 3 




s 3 0 


1 2 




2 0 4 




3 0 


1 3 




2 0 5 




10 3 0 


1 4 




2 0 6 




3 0 


1 5 




2 0 7 




3 0 


1 6 




2 0 8 




3 0 


1 7 




2 0 9 




3 0 


1 8 




3 0 1 




3 0 


1 9 


F F TlnlgS 


3 0 2 




3 0 


2 0 




3 0 3 




3 0 


2 1 




3 0 4 











[Hi] 



a 1 



81 



ED 



a 2 



DQPSK 



a 3 



I 

F 
F 

T 



a 4 



OFDM 



a 6 



D/A 



a 5 



IT 



13] 



[EM] 



Tw 




#r 




#2'|# 2'| 


#3'|#3'||#4'|#4'||#5' 



Tw 







* 1 


1 


#2 


* 2 1 


#3 



[09] 



Tn/t 



T»/2 







G I 









Gl 






(7) 



1-145930 



[02] 



301 



a301 



Twi 



302 



a302 



( ) 4 



|a303 
^ a304 



304 



a305 



305 



309 



am 



a307 



306 



a306 



307 



a308 



a309 



3010 



a3010 



308 



3011 



tan 



3012 



3013 



3014 



33011 



1/N 



a3012 



( )* 



33013 



S/H 



3015 



3016 




a3016 



fa3014 



3021 



3020 



3019 



Data <- 



33022 



P/S 



a3021 



a3020 



F FT 



33019 



a3017 



S/P 



G I 
3018 



33018 



[010] 



T* 












< Tb ( 










Gl 






Gt 


5*-* 2 




[El 6] 



101 



a101 



51J 

m 

El 



102 



DQPSK 



a102 



i 



103 



a103 



El 
£8 



104 



a104 



I 

F 
F 
T 



105 



a105 



36 

m 

w 

0 



106 



OFDM 



a107 



D/A 



a106 



t 



(9) 



!ftffl¥-l 1-145930 



[1217] 



» A/D 



d8d7d6d5d4<Bd2d1 



5"J 



0 



DQPSK 



A 

m 
0 



<I5' <fl' 

0 0 

d6' <C 

0 0 

dT d3' 

0 0 

d8' d4' 

• 0 0 



a2D1 



201 



» Tw/2SS 



202 



a202 



a203 



203 



[E] 8 ] 



204 



Sim?' 



a207 



206 



207 



205 



209 



a205 | 




a206 
» 




















( ) 2 








a209* 



a2010 



208 



2011 





r ► 


tan" 1 



a208 



a2011 



HTSl9#2-§- 



(72) lEttl 



/ 

/ 

/ 



